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COMPLETE SPEOIFIOATIOIJT 

Improvements in Making Alloy Extruded Forms by Powder 

Metallurgy 



"W^e, Tm Dow Ciiemicai. Company, a 
Cor[i oration organised and existing under 
the laws of the State of Delaware, United 
Statesi of America, of Midland, County 
5 of Midland, State of Michigan, United 
States of Araerica, do liereby declare the 
invention, for wbich. we pray tbat a patent 
may be granted to us, and the naethod by 
which it is to be performed, to be par- 
10 ticularly described in and by the follow- 
ing statement: — 

The invention relates to a magnesium- 
base alloy article. It more particulaxly 
concerns a tin-containing magnesium- 
base composite alloy having a high ten- 
sile strength and the lightness charac- 
teristic of magnesium. 

The term " magnesium-base alloy 
used herein means a magnesium alloy 
containing at least 80 jyer cent, mag- 
nesium by weight. 

The invention is predicated upon the 
discovery that by die^espressing ^ at 
elevated temperature a tin-containing 
magnesium-base alloy in particulated 
form in admixture with one of the mag- 
nesium-soluble metals aluininium and 
zinc in partioulated form a high strength 
composite alloy extrusion is obtained. The 
composite alloy eix^rusion has the same 
compactness and integrity as the usual 
magnesium-base alldy extrusions made by 
extruding a solid mass, such as an ingot 
of a magnesium-base alloy, but the 
metallographic atnicture of the composite 
product is uniquely different. Metallo- 
graphic eixamination reveals a new type 
of structure in a magnesium-base alloy 
article. The structure is essentially multi- 
metallic. Each of the particulated metals 
of the mixture which is eixtruded is 
changved to the form of an elongate 
particle. All the )i articles are oriented 
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in the direction of the eactrusion, JThe 
elongated particles are all welded one to 46 
the other into a solid mass without voids, 
forming a high strength composite alloy 
which may be treated or worked, for 
example, by rolling, forging or pressing, 
like conventional magnesium alloys. The 
invention consists of the composite mag- 
nesium-base alloy product and method of 
making. The following description sets 
out several modes of practising the inven- 
tion. 

In caxrying out the invention, various 
magnesium-base alloys containing tin 
may be used as one of the ingredients of 
the composite alloy, such as those con- 
taining from about 0.6 to 8 per cent, of 60 
tin ; a preferred proportion of tin is about 
4 to 6 per cent., the balance being mag- 
nesiaim. The tin-containing magnesium- 
base allojr is reduced , to particulate foim 
in any suitablet way, sack as by grinding 65 
or atomizing. The atomized form is pre- 
ferred and may be produced by f ormi-n(r a 
melt of the alloy and atomizing it by 
causing a jet of a cool gas, e.g., na-tural 
ffas, to imping© against a. thin falling 70 
stream of the molten alloy. The atomised 
alloy consists of a mixture of various sized 
fine spheaical rapidly solidified particles, 
the particles having a very fine grain 
structure. It is desirable to screen out 
particles coarser than those passing about 
a 10 to 20 mesh sieve. 

The magnesium-soluble metal ingre- 
dient of the* mixture of particulate metal** 
to be extruded according to the invention 
is finely • divided in any convenient 
manner. Its particle size preferably is 
made finer than that of the tin-contain- 
ing magnesium-base aJloy with which if 
ifi to be mixed. 

Before extrusion, the particulated 



75 



80 



86 



BNSDOCID: <GB 690786A I > 



090,780 



juetiils itre luixtMl tugetlier in any con- 
venient manner io form a uniform mix- 
ture of tlio metal particles romprisiug- tlie 
extrusion eliari^e. Tlie relative amounts of 
5 the particulrtted tin-containing- niag'nesium 
1)0 sft alloy and particulated niag-nesiinu- 
scluble metal are adjusted so tluit^ tliere 
is at least 0.1% up to as mucli as «1% by 
T^-eig-ht of tlie particulated mag-uesium- 
10 soluble metal in the mixture. A preferred 
proportion of the particulated zinc in the 
n-ixture is about 3%. 

The mixture of particulated metals is 
cliar^i-ed into the heated container of a 
ram extruder, having- a suitable size con- 
tainer and die opeiiing" and subjected t^v 
extmsioji pre^^ure to cause the iiiixtuv-J 
of particulated metals to be heated nud 
extruded through the die opening-. 
20 As to the extrusion conditions, the tem- 
j>ei*ature of the i)articidated metal mix- 
tur& in the container may be about the 
same as that conTentionally employed for 
pxtrxiding^ solid ingots of the knoTini tiii- 
^5 frontaining' ma.ixnesiimi-base alloys, e.^-., 
about 600" to SOD" F. The ratio of the 
cross-sectional area of the extrusion con- 
tainer to that of the die opening- has a 
material effect on the mechanif-nl 
30 properties of the composite extrusif.n 
product ohtained. A desirable ratio is at 
least about 30 to 1 . althougdi ratios a^ 
hig-h as loO to 1 or more may be used. 
The speed of extrusion may be varied over 
35 a Tvide range and depends to some extent 
upon the size and shape of the die opening' 
in any casft the speed is to he held do^vn 
to that at Tvhich the extrusion prodxxced' \< 
free from hot sliortness. A safe extrusitjn 
40 speed may he ascertained by visual 
examination of the produ'^t as it extrudes, 
the hot shortness being- evident as craclc^ 
in thf* extruded product and sharply 
reduced strength. The composite extru- 
45 si on product may he 5;ul>iected to any of 
tlie fabrication operations in use v.-ith the 
conventional or non-compnsite inaci- 
nesium-base alloys, for example/ such a> 
rolling', forg'inu', dra.^ng* and -weldinir, 
50 chemical finishing*, or electroplating* and 
its tensile properties may he modified by 
heat treatment. 

The invention may be further illus- 
trated and explained in connection ^vifli 
55 the accompanying drn-Tv^inc^ in Tvhich : — 
Fisrure 1 siiorvs a. diaiyrammatic sec- 
tional elevation of an extrusion appai*atns 
suitable for use in practisin;^,- the inven- 
tion ; 



Fig'iire 2 is a similar view to Fig'ure i 60 
showing a moditication of the apparatus; 
and 

Figiu'e -3 is a. similar view la Fi<j;:ure I 
showing' another jucidilii-atiou of the 
apparatus. 65 

As shown, the apparatu.< comprises, in 
its three forms, au extrusion container 1 
adapted vo coniine a (diarge 2 of the mix- 
ture of metal particles to be compacted 
and extruded. The container is provided 70 
with a heating" element 3. In Fig'ure 1, 
one end of the container 1 is closed by the 
die plate 4 in which is provided the die 
opening- 5. In this form of the apparatus 
the charg-e 2 is caused to be compacted in To 
the container and extruded throug-h the 
die opening- 5 by application of pressure 
by means of the dummy block G forced 
into the bore 7 of the container by th*^ 
ram S to fonn the extrusion 9, * 80 

III the form of the apparatus shown in 
Figrure 2, the container 1 is closed at one 
end by the plate 10. The other end of the 
container received the die bloelc 11 carried 
by the hollow ram 12- which forces the die 8-3 
block into the container causing* the 
charg-e 2 to be compacted and to extrude 
through die opening- 13 to form the 
extrusion 14 which extends into bore lo of 
tlie hollow ram 12. 90 

In the modification of Figure 3, tlie 
container is closed at one end with a pi a tK 
10. The charg-e 2 is extruded as a tulmlar 
extrusion J 7 througrh the annulus 18 
around the die block 19 while it is forced 95 
into the container by the ram 20, 

Tli*» forms of the^pparatus shown are 
conventional. 

By putting- a eharg-e of the mixture of 
tlie metals involved under pressure while 100 
at heat, as with the apparatus shown tbe 
metal particles are compacted but not sub- 
jected to further mixing- before extrusion. 
The metijls orirrinally in the charo-e as 
individual metal particles become welded 105 
tog'ether without voids and do not lose 
their original distinctive composition 
except at the united surfaces of the 
particles which become extended and 
lenii'thened during- extrusion. At these 110 
surfaces, durinrp extnision or heat ti-eat- 
ment, some diffusion of metal takes place 
betrreen the tin-containin.g' particles and 
the mag'nesium-soluble metal particles. 

Tlie following examples set forth in the 115 
table below are illustrative of the inven- 
tion : The blank is included for the pur- 
pose of comparison. 
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In making- thecDinposit© alloys shown 
ill the foregt)ingrtable, flie tin-cantaininjr 
iaag'ne:*iiLTn-base^^=dilW^ ^vas used in 
.^tomizedX form, the particles of which 
5^ere various, sizes substantially all 
;gas^£5^thxoug'h a 20 m esh standard sieve 
butnot a 20Q m esh sieve. The particles 
of the particulated mag-nesium-soluble 
metal were o£ generally liner size than 
10 tliose of the masTiesitim-base alloy. The 
particulated metals were mixed together 
in the proportions indicated and the mi:s'. 
tures charged into the heated container of 



J^igTirrtTTTor th 



20 



jTig magnsium-base alloy in the same par- 
ticulated form as used in the mixtures was 
extruded alone under comparable exti-u- 
sion conditions. The rate o f extrusloi UHras 
about 1 to 2 feet per minute. The reduc- 
tion in area was The composite 
alloy extrusions produced were wire 0.086 
inch in diameter having a multimetallic 
structure of elongated particles oriented 
25 in the same direction lengthwise of the 
extrusion and welded together without 
voids. 

What we claim is : — 
1. The method of making a solid com- 
posite high strength metal body compris- 
ing a magnesium-base alloy containing 
tin which consists in forming a mixture 
of a magnesium-base alloy containing 
fiom 0.5 to 8 per cent, of tin, the alloy 
3b being in particulate form, and a mag- 
nesium-soluble metal consisting of 
alujninium or zinc, the amount of 
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aluminium or zinc being from 0.1 to 6 
per cent, of the mixture by weight, and 
die-expressing the mixture in heated 40 
condition. 

2. The method according to Claim 1 in 
which the magnesium-base alloy contains 
4 to 6 per cent, of tin, the balance being 
magn.esium. ^ ^ 

3. The method according to Claim 1 in 
which the magnesium-soluble metal is 
aluminium. 

4. The method according to Claim 1 in ^ 
which the magnesium-soluble metal is 50 
zinc. 

5. The method as claimed in Claim 1 
wherein the die-expressed mixture has 
any one of the compositions set out in the 
foregoing table. 

6. A solid composite metal body when 
made by the method claiined in any one 
of the preceding Claims. 

7. A composite metal body produced by 
the method of any of the preceding Claims 60 
consisting of at least two particulated 
metals one of the two particulated metals 
being a magnesium-base alloy containing 
tin and anotlier being a magnesium- 
soluble metal consisting of aluminium or do 
zinc, the particles of each of the particu- 
lated metals being elongated, oriented in 
tlie same direction, and welded together 
into an integral solid. 

BOFLT, WADE & TEN:N'ANT, 
IIJ & 112', Hatton Garden, Ix>ndon, 
E.0.1, 

Chartered Patent Agents. 
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